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Little Higgs models contain heavy scalars in their content of particles as a result of extended
symmetry group of SM. In the littlest Higgs model of little Higgs models there exists a new heavy
scalar triplet.The physical states of this triplet contains a double charged scalar, a single charged
scalar, as well as a neutral scalar and a neutral pseudo scalar. In little Higgs models a Majorana
type mass term can also be implemented in Yukawa Lagrangian, resulting lepton flavor violation.
In this talk the pair productions of double charged scalars in the context of littlest Higgs model
in e+e− colliders are presented. Also the final signatures of double charged scalars will be analyzed
depending on lepton flavor violation parameters. Finally it will be presented that if there is lepton
flavor violation, double charged scalars can be observed without any SM background in e+e− col-
liders with a collider signal of four leptons, otherwise if there is no lepton flavor violation they can
be reconstructed with a background analysis.
PACS numbers:
I. INTRODUCTION
In litarature there are several models in which triplet scalars occur , ranging from left-right symmetric models to
Little Higgs models. Complex scalar triplets with a hypercharge Y = 2 are particularly rich in this context in terms
of their phenomenological implications, especially in the aspect of lepton number violation.
In this talk I will present littlest Higgs model[1], one of the little Higgs models[2], having a complex SU(2) scalar
sector, and production of heavy double charged scalars via e+e− → φ++φ−− and e+e− → ZLφ++φ−− channels in
e+e− colliders. This talk is a summary of the double charged productions discussed in previous works[3, 4]. Reviews
on little Higgs models can be found in numerous works[5].
II. LITTLEST HIGGS MODEL
The main motivation of Little Higgs models are to overcome hierarchy problem. To do so these models use collective
symmetry breaking mechanism that softens radiative corrections contributing to Higgs mass. In the littlest Higgs
model, one of the minimal Little Higgs model, global symmetry SU(5) is broken spontaneously to SO(5) at an energy
scale f ∼ 1TeV leaving 14 Nambu Goldstone bosons(NGB). Global SU(5) in the model contains a weakly gauged
subgroup [SU(2)1 ⊗ U(1)1] ⊗ [SU(2)2 ⊗ U(1)2] , thus eight gauge bosons. As the global symmetry SU(5) is broken
spontaneously to SO(5) triggered by a chosen vacuum basis, gauged subgroup [SU(2)1 ⊗ U(1)1]⊗ [SU(2)2 ⊗ U(1)2]
is broken to its diagonal subgroup (SU(2)⊗ U(1)) of SM. As a result gauge bosons get mixings and some gain mass
by eating four of the NGBs. The remaining NGBs at this stage are a scalar triplet φ and a scalar doublet h. The
usual electroweak symmetry breaking occurs by the vacuum expectation value(VEV) of the Higgs potential written
by Coleman Weinberg method for scalars. With EWSB vector bosons get extra mixings due to vacuum expectation
values of h doublet and φ triplet; v and v′ respectively.
The particle content after EWSB contains SM vector bosons ; ZL, WL, AL , and extra massive vector bosons ; ZH ,
WH , AH . Diagonalizing the mass matrix for scalars the physical states are found to be the SM Higgs scalar H , the
neutral scalar φ0, the neutral pseudo scalar φP , and the charged scalars φ+ and φ++. The masses of these scalars are
degenerate, and in terms of Higgs mass can be expressed as:
Mφ =
√
2f
v
√
1− (4v′f
v2
)2
MH , (1)
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2In the model new vector bosons cancel out the divergences coming to Higgs mass from SM vector bosons loops, new
scalars cancel out the divergences coming to Higgs mass from Higgs self loop. To cancel out the quadratic divergence
coming to Higgs mass from top quark loop, a new extra singlet the T quark is introduced in the model by hand.
The scalar fermion interactions in the model are written in Yukawa Lagrangian preserving gauge symmetries of the
model for SM leptons and quarks, including the third generation having an extra singlet, the T quark. In this work,
leptons are charged under both U(1) groups, with corresponding hypercharges of Y1 and Y2. The restriction for Y1
and Y2 is that Y1+Y2 should reproduce U(1)Y hypercharge Y of SM, thus Y1 = xY and Y2 = (1−x)Y can be written.
Due to gauge invariance, x can be taken as 3/5[7].
In littlest Higgs model, the symmetry braking scale f and mixing angles between U(1) groups and SU(2) groups;
s and s′ respectively, are free parameters and they are constrained by observables[6]. The recent data from Tevatron
and LEPII constrain the mass of the lightest heavy scalar as MAH & 900GeV [11]. In the original formulation of the
littlest Higgs model, these data imposes strong constraints on symmetry breaking scale(f > 3.5− 4TeV ). But in this
work by gauging fermions in both U(1) subgroups, fermion boson couplings are modified as done in[7]. With this
modification the symmetry breaking scale can be lowered to f = 1TeV , which allows the mass of the AH to be at the
order of few GeV s. In this case the allowed parameter region of the littlest Higgs model is as follows. For low values
of the symmetry breaking scale 1TeV ≤ f ≤ 2TeV , mixing angles s and s′ between gauge bosons are in the range
0.8 ≤ s ≤ 1 and 0.6 ≤ s′ ≤ 0.7, and for 2TeV ≤ f ≤ 3TeV they have acceptable values in the range 0.65 ≤ s ≤ 1 and
0.4 ≤ s′ ≤ 0.9. For the higher values of the symmetry breaking scale f ≥ 3TeV , the mixing angles are less constrained,
since the corrections to SM observables from littlest Higgs model comes in the form v
2
f2
and higher orders.
In the model for light fermions, a Majorano type mass term can be implemented in Yukawa Lagrangian[8] which
results in lepton flavor violation by unit two, such as:
LLFV = iYijLTi φC−1Lj + h.c., (2)
where Li are the lepton doublets
(
l νl
)
, and Yij is the Yukawa coupling with Yii = Y and Yij(i6=j) = Y
′ . The
values of Yukawa couplings Y and Y ′ are restricted by the current constraints on the neutrino masses[9], given as;
Mij = Yijv
′ ≃ 10−10GeV [8]. Since the vacuum expectation value v′ has only an upper bound; v′ < 1GeV , Yij can be
taken up to order of unity without making v′ unnaturally small.
The decay modes of littlest Higgs model scalars, including the lepton flavor violating decays, are studied in T.Han
et al[8]. Since these new scalars have lepton flavor violating modes, their total widths will depend on the Yukawa
couplings Yii = Y and Yij(i6=j) = Y
′.Depending on these mentioned parameters double charged scalars can decay into
non leptonic particles WW pairs or leptons of same kind or leptons of different kind violating lepton number by 2.
The decay width of φ++ is given as[8]:
Γφ++ ≈
v′2M3φ
2piv4
+
3
8pi
|Y |2Mφ + 3
4pi
|Y ′|2Mφ.
In the calculations, we ignored v2/f2 terms in the couplings, since we are not dealing with the corrections to
a SM process. Further information on theory and calculations, and Feynman diagrams contributing the processes
e+e− → ZLφ++φ−− and e+e− → φ++φ−− can be found in [3, 4].
III. RESULTS AND DISCUSSIONS
A. e+e− → ZLφ++φ−−
For the associated pair production of doubly charged scalars within ZL the differential cross sections with respect
to EZ are plotted in figure 1 for different fixed values of mixing angles at
√
s = 3TeV , at symmetry breaking scale
f = 1TeV . The dependence of total cross section on the center of mass energy of this production process is plotted
in figure 2, and the numerical values of total cross sections are presented in table I for parameters of interest.
For the electroweak allowed parameters s/s′ = 0.8/0.6, 0.8/0.7, 0.95/0.6 at f = 1TeV at
√
s = 3TeV , the differential
cross section gets low values at the order of 10−7 pb
GeV
. The resulting cross sections are calculated by integrating over
EZ , and found about 0.4 ∼ 0.8 × 10−3pb (table I) resulting 40 ∼ 80 events per year for integrated luminosity of
100fb−1. For
√
s < 2TeV , this production channel is not reachable. In the littlest Higgs model, φ++ has decays to
charged vectors W+LW
+
L and also to leptons l
+
i l
+
j proportional to squares of the values of the Yukawa couplings; |Y 2|
for same families and |Y ′2| for different lepton families when lepton violating modes are considered. So this channel
provides final signals for doubly charged scalar discovery and lepton flavor violation. The final states of the doubly
charged scalar pairs dominantly contain leptonic modes lilil
+
i l
+
j , semi leptonic modes liliW
+
LW
+
L and to standard
3s/s′ σφ++φ−− σZLφ++φ−−
0.8/0.6 2.2× 10−3 0.48× 10−3
0.8/0.7 2.1× 10−3 0.44× 10−3
0.95/0.6 2.7× 10−3 0.78× 10−3
TABLE I: The total cross sections in pb for pair production of charged scalars for f = 1TeV and at
√
s = 3TeV .
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FIG. 1: Differential cross section vs. EZ graphs for process e
+e− → ZLφ++φ−− for the fixed value of parameters s/s′ :
0.8/0.6, 0.8/0.7, 0.95/0.6 at f = 1000GeV at
√
s = 3TeV .
model charged vector pair W+LW
+
LW
−
L W
−
L depending on Y and Y
′, while ZL dominantly decays to jets carrying the
energy at the order of masses of the scalar pair. For f = 1TeV the leptonic branching ratio of doubly charged scalars
can reach values close to 1 for Y → 1, independent from Y ′. If the value of the Yukawa coupling Y is high enough
(Y ∼ 1), the number of final state lepton flavor violating signals such as; ZLlilil+j l+j , can reach up to 50 events per
year for luminosities of 100fb−1, which can be directly detectable free from backgrounds.
B. e+e− → φ++φ−−
For the process e+e− → φ++φ−− the total cross section of the production event is examined for f = 1TeV . The
dependence of the total cross section of the e+e− → φ++φ−− process on √s at fixed values of the littlest Higgs
model parameters are presented in Fig. 3. For the mixing angles s/s′ = 0.8/0.6, the production cross section is
maximum with a value of 3 × 10−2pb for f = 1TeV at √S > 1.7TeV . For the parameter sets s/s′ : 0.8/0.7, 0.95/0.6
for f = 1TeV , the total cross section is is slightly lower but still in the order of 10−2pb at
√
S > 1.7TeV . Thus for an
e+e− collider with an integrated luminosity of 100fb−1, yearly 3000 double charged pair production can be observed.
It is seen from the final decay modes of the doubly charged pair given in Eq.3 that the final state analysis is strongly
dependent on the value of the Yukawa coupling Y , thus on the value of the triplet VEV v′. The dependence of the
final collider signatures of the process e+e− → φ++φ−− on Y are plotted in figure 4.
For Y < 0.01(v′ > 10−8GeV ), the final decays of the doubly charged scalars are dominated by SM charged bosons,
and the final collider signature will be W+LW
+
LW
−
L W
−
L . In this case with a subtraction from background, doubly
charged scalars can be identified by reconstructing the same sign boson pairs.
For 0.01 < Y < 1(10−10GeV < v′ < 10−8GeV ), the semi leptonic decay modes, liliW
+
LW
+
L will be observed. For
Y ∼ 0.2, the production rates for these modes are calculated as; PR(Y ∼ 0.2) = 0.2, leading to 600 collider signals
per year at collider with a luminosity of 100fb−1 at
√
S > 1.7TeV . The cleanest signal in this case will be observed
when both W+L decay into jets (48%). In this scenario there will be yearly 280 signal of two same sign leptons of
same family plus jets, violating lepton number and flavor by two, which can be directly detectable free from any
backgrounds.
The most interesting scenario happens when the Yukawa coupling is close to unity, Y ∼ 1(v′ ∼ 10−10GeV ). In this
case all final doubly charged scalars will decay into same family leptons, and the final collider signal will be either
lili l¯j l¯j or lili l¯il¯i. The mixed states lilj l¯i l¯j resulting from the final decays of the doubly charged scalars into different
families of leptons are suppressed because of the low production rates due to the value of the Yukawa mixing coupling
Y ′.
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FIG. 2: Total cross section vs.
√
S graphs for the process e+e− → ZLφ++φ−− for some values of mixing angle parameters s/s′
when f = 1000GeV .
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FIG. 3: Total cross section vs.
√
S graphs for the process e+e− → φ++φ−− for some values of mixing angle parameters s/s′
when f = 1000GeV .
The branching ratio into the final signal lilil¯j l¯j when Y ∼ 1 is calculated as PR(Y ∼ 1) = 0.66, which will give
1800 observable signals per year at an integrated luminosity of 100fb−1 when
√
S > 1.7TeV . For this final signal,
the lepton flavor is violated explicitly, free from any backgrounds. The double charged scalars in this case can be
reconstructed from invariant mass distributions of same charged leptons.
For the final state lili l¯il¯i, there will be additional observable 1000 events per year. For this case lepton flavor
violation can not be observed directly even if it happens via the lepton flavor violating decays of doubly charged
scalars. Although this signal has a huge SM background, with a proper background analysis, the existence of doubly
charged scalars and so on their lepton flavor violating decays can be identified.
[1] N. Arkani-Hamed, A.G. Cohen, E. Katz, and A.E. Nelson, JHEP0207(2002)034, arXiv:hep-ph/0206021.
[2] N. Arkani-Hamed et al., JHEP0208(2002)021, arXiv:hep-ph/0206020; M. Schmaltz,
Nucl.Phys.Proc.Suppl.117(2003),arXiv:hep-ph/0210415; D.E.Kaplan and M. Schmaltz, JHEP0310(2003)039,
arXiv:hep-ph/0302049.
[3] A. Cagil, M. T. Zeyrek, Phys.Rev. D80055021(2009), arXiv:hep-ph/0908.3581.
[4] A. Cagil, doi:10.1016/j.nuclphysb.2010.09.014, arXiv:1010.0102v1 [hep-ph].
[5] M. Perelstein, Prog.Part.Nucl.Phys.58(2007)247-291, arXiv:hep-ph/0512128; T. Han, H. E. Logan, B. McEl-
rath and L-T. Wang, Phys.Rev. D67(2003)095004, arXiv:hep-ph/0301040; M. Schmaltz and D. Tucker-Smith,
Ann.Rev.Nucl.Part.Sci.55(2005)229-270, arXiv: hep-ph/0502182.
[6] J. Hubisz, P. Maeda, A. Noble and M. Perelstein, JHEP01(2006)135; C. Csaki, J. Hubisz, G.D. Kribs, P. Meade, J. Terning,
Phys. rev. D67 (2003) 115002, arXiv:hep-ph/0211124v2; J. L. Hewett, F. J. Petriello and T. G. Rizzo, JHEP 0310 (2003)
062 , arXiv:hep-ph/0211218; M-C. Chen and S. Dawson, Phys.Rev.D70(2004)015003, arXiv:hep-ph/0311032; W. Kilian
5and J. Reuter, Phys.Rev.D70 (2004) 015004, arXiv:hep-ph/0311095; A.G. Dias, C.A. deS. Pires, P.S. Rodrigues da Silva,
Phys.Rev.D77(2008)055001, arXiv:hep-ph/0711.1154.
[7] C. Csaki, J. Hubisz, G. D. Kribs, P. Meade and J. Terning, Phys.Rev. D68 (2003) 035009 , arXiv:hep-ph/0303236.
[8] T. Han, H.E. Logan, B. Mukhopadhyaya and R. Srikanth, Phys.Rev. D72 (2005) 053007 , arXiv:hep-ph/0505260.
[9] G.L. Fogli et al, Phys. Rev. D70, 113003(2004); M. Tegmark et al, SDSS Collabration, Phys. Rev. D69, 103501(2004).
[10] C. Amsler et al. (Particle Data Group), Phys. Lett. B667(2008)1.
[11] T. Aaltonen, et al, CDF Collaboration, Phys.Rev.Lett.99:171802,2007.
 0
 0.2
 0.4
 0.6
 0.8
 1
 0.01  0.1  1  10
Pr
od
uc
tio
n 
Ra
te
Y
Production Rates vs. Y 
’Φ++ Φ--->l-i l
-
i lj
+lj
+
 
’Φ++ Φ--->l-i l
-
i li
+li
+
 
’Φ++ Φ--->WL
-WL
-WL
+WL
+
 
’Φ++ Φ--->li
-li
-WL
+WL
+
 
FIG. 4: Dependence of the final collider signatures of the process e+e− → φ++φ−− on Y .
